The CC-VEX mission was based out of Warner-Robins Air Force Base in Georgia to allow flights over ocean, subtropical cirrus, and convective anvils. A total of 13 flights were conducted, and 4 of the flights were at night to permit determination of minimum detectable signal. During the CC-VEX mission all validation objectives were met.
A primary purpose for using a well characterized instrument such as CPL for validation of satellite lidar is that CPL data, having higher signal-to-noise, can be more easily calibrated than the satellite data. Spaceborne lidar signals are low, particularly at 1064 nm, which makes standard calibration schemes difficult. Thus, calibration from the airborne instrument can be checked against, and/or used to improve, the calibration of the spaceborne instrument.
Comparative Measurements
CPL data is initially used to validate CALIPSO Level 1 data products, including calibrated backscatter profiles. CPL data is also used for validation of Level 2 data products (e.g., layer boundaries, optical depth, depolarization). However, the focus of this paper will be on validation of spatial properties with subsequent work devoted to validation of the optical properties.
For purposes of intercomparison, there are similarities and differences between CPL and CALIPSO that must be considered. Both CPL and CALIPSO are backscatter lidars, which means an ccapples to apples" comparison is performed. Both CPL and CALIPSO fly above the tropopause, so both instruments measure the full extent of the troposphere.
And both CPL and CALIPSO make dual wavelength and depolarization measurements. Table 1 lists the primary differences between the two instruments. From these differences, two primary caveats must be kept in mind when performing comparisons.
First, there is imperfect collocation between the aircraft and satellite, which means the instruments view slightly different scenes (or, alternately, assumptions of horizontal homogeneity must be invoked). During the CC-VEX flights, the aircraft was off the subsatellite track by as little as 36 m and not more than 1716 m at the temporal coincidence. Second, differences in platform speeds and advection of the atmosphere means the true coincidence between the aircraft and satellite is instantaneous. Nevertheless, in a statistical sense meaningful comparisons are attainable. indicates the point of nearest coincidence, and at that instant the ER-2 was 498 m off the satellite track. Although it took 32 minutes for the aircraft to cover the same distance that the satellite covered in 60 seconds (the CPL data image corresponds to 32 minutes of data while the CALIPSO data image corresponds to 60 seconds of data), the symmetry between the two images is striking. Figure 2 shows individual profiles from the coincident point.
Daytime data is, of course, noisier due to contamination by solar background. Figure 3 shows CPL and CALIPSO profiles from the July 31, 2006 underflight. This was a daytime flight over a broken cloud scene in the western Caribbean off the Yucatan peninsula. Although the CALIPSO data is noticeably more noisy due to solar background, once again the correspondence between the CPL and CALIPSO data is remarkable. On this flight the ER-2 was 566 m off the satellite track at the time of nearest coincidence. Figure 4 shows the single profiles from the coincident point.
Examining the single profile graphs (Figures 2 and 4) illustrates several key features of the data. First, the overall agreement between the CPL and CALIPSO profiles demonstrates that the CALIPSO data is well calibrated and can be used with confidence.
Second, one can easily discern the impact of solar background on the ability to detect weak features such as subvisual cirrus. Third, the cloud top boundaries are seen to be nearly identical between the two instruments. While the variability in the cloud bottom boundaries is somewhat larger, for the cirrus layers this difference can be attributed largely to spatial mismatch between the two platforms (-0.5 km between footprint centers) and to additional multiple scattering contributions present in the CALIPSO signal. The disparity in the stratus cloud bottom boundaries is due to increased multiple scattering with perhaps some additional influence from a non-ideal detector transient response that is characteristic of the CALIPSO 532 nm photomultiplier tube (PMT) detectors when illuminated by extremely bright signals.
A transient response feature is often seen in PMTs, but is not an inherent feature of PMT performance. In the absence of a strong backscattering signal, an ideal detector will return immediately to its baseline state. However, the response of the CALIPSO PMTs is non-ideal, and manifests itself as an exponential decay of the backscatter intensity with respect to time (distance). In extreme cases, the non-ideal transient recovery can make it wrongly appear as if the laser signal is penetrating the surface to a depth of several hundreds of meters. To demonstrate this phenomenon, Figure 5 shows a CALIPSO data image over Antarctica clearly illustrating that lidar signal appears to continue hundreds of meters beneath the ice surface.
Assessment of Minimum Detectable Backscatter
An important parameter to validate using the airborne lidar is the minimum detectable backscatter, which determines the weakest feature that can be detected. From an engineering standpoint, validating the minimum detectable signal verifies the instrument is operating at optimum performance. From a science standpoint, the minimum detectable backscatter is an important parameter for radiative studies to ensure that all optically thin, yet radiatively important, features are captured by the lidar signal processing algorithms. [Vaughan et al., 20041 Although the minimum detectable backscatter varies as a function of altitude, scattering target, wavelength, and vertical and horizontal averaging, it can be defined for a given set of parameters. In the case of CALIPSO, the Algorithm Theoretical Basis Document 
Summary and Conclusions
The newly launched CALIPSO satellite is now measuring continuous lidar backscatter profiles of atmospheric clouds and aerosols. To validate performance of the CALIPSO lidar, the Cloud Physics Lidar was flown on the high-altitude NASA ER-2 aircraft.
Using measurements made by the long-established CPL instrument as truth, this paper presented an initial validation of the sensitivities and spatial properties reported in the CALIPSO Level 1 data products. Comparison of the satellite lidar data with that fiom the underflying aircraft lidar demonstrates that the CALIPSO lidar is well calibrated and functioning at the anticipated level of performance.
Although only representative examples were presented in this paper, evaluation of numerous data sets shows that the CALIPSO attenuated backscatter profiles agree well with the CPL results, which demonstrates that the CALIPSO data is well calibrated.
Examination of minimum detectable backscatter again verifies that the CALIPSO profiles are well calibrated when compared to CPL, and that the minimum detectable backscatter Overall, use of the CPL instrument on the ER-2 platform has worked extremely well for CALIPSO validation efforts. The initial results reported in this paper validate the CALIPSO calibration accuracy and provide confidence to users oif the CALIPSO data. 
